DNA complexes as revealed by electrophoretic mobility shift assays (Mackey et al., 1995) . 98 Each of these domains consists of a region rich in arginine and glycine (RGG-rich region: 99 GR1 and GR2 respectively) and a unique region (UR1 and UR2 respectively). The RGG-rich Due to its ability to interact with chromatin, especially through mitosis during which the 156 interaction is stabilized, RCC1 appears to be a good candidate to promote the association of
RESULTS

165
Deletion of EBNA1 AT-hook motifs only partially modify its localization to the 166 metaphasic chromosomes. However, the effect of specific deletion of these AT-hook motifs -in the context of the whole 172 protein -on its association with cellular chromosomes has never been tested. We therefore 173 generated derivatives of GFP-EBNA1 with either aa 40 to 53 (deleting most of GR1) or 326 174 to 358 (deleting two thirds of GR2) or both regions deleted ( lacking the AT-hook motifs (Fig. 1C) . Finally, to complete the characterization of these 187 mutants, we tested their transactivation ability since LR1 and LR2 regions were previously 9 reported to be important for transcriptional activation (Mackey & Sugden, 1999) . The single   189   GR deletion mutants appear to activate LUC expression from the pGL2-FR-TK-LUC reporter   190 construct to similar levels as GR-wild type (Fig. 1D) 
EBNA1 interacts directly with RCC1
197
Since the AT-hook motifs, appear not to be essential for EBNA1 association with mitotic The interaction between EBNA1 and RCC1 was first examined by co-208 immunoprecipitation from transfected HeLa cells ( Fig. 2A) . Myc-tagged RCC1 specifically 209 co-immunoprecipitated with Flag-tagged EBNA1. Consistently, in a reverse experiment, 210 Myc-tagged EBNA1 specifically co-immunoprecipitated with Flag-tagged RCC1.
211
To assess if the interaction is direct, an in vitro GST-pulldown assay was performed 212 using both GST-RCC1 and 6xhis-EBNA1 produced in bacteria and purified. 6xhis-EBNA1 was incubated with similar amounts of GST or GST-RCC1 proteins bound to glutathione 214 sepharose beads. EBNA1 was efficiently retained on GST-RCC1 beads but not on GST alone, 215 which strongly suggests that a direct interaction occurs between EBNA1 and RCC1 (Fig. 2B) . We also tested the capacity of the GR-deleted mutants used in Figure 1 , to interact with 234 RCC1 (Fig. 4) . Although deletion of each region individually did not prohibit interaction with 235 RCC1, deletion of both motifs had a dramatic effect. This suggests that at least one intact GR 236 sub-region is required for the interaction with RCC1.
237
Taken together, these results indicate that the EBNA1 interaction domains with RCC1 overlap closely with the previously characterized EBNA1 chromosome binding regions. 239 However, it is to be noted that mutant Δ40-53/Δ326-358 with GR1 and most of GR2 deleted, 240 was still -at least partially -associated with the mitotic chromosome, whereas no interaction 241 with RCC1 could be detected in the GST-pulldown assay. Thus, although RCC1 is likely to 242 contribute to EBNA1 association with metaphasic chromosomes, it is probably not the only 243 factor involved. To distinguish between these possibilities, the second array was stripped and re-probed The screens were performed as previously described (Bazot et al., 2014) using pGBKT7- 
Fluorescence recovery after photobleaching (FRAP) analysis
547
Cells used for FRAP acquisition were prepared as for classical microscopy and data collected 548 using a confocal spinning disk microscope. Same parameters were used to acquire all images.
549
Regions of interest were photobleached using a 494-nm laser during 510ms at full power. with similar amounts of purified GST or GST-RCC1 bound to glutathione sepharose beads.
811
The EBNA1-bound proteins were analysed by western blotting using an anti-his6 MAb. Input 812 corresponds to 100 ng of purified 6xhis-EBNA1ΔGA. 
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*** The N-terminal region of RCC1 (MSPKRIAKRRSPPADAIPKS) contains 6 positively charged residues and one negatively charged residue. The C-terminal tail of EBNA1, from residue 610 to 641 has 14 negatively charged residues, interspersed with glycines and no positively charged residues. The stretch of residues in common between the EBNA1 peptides that span R396 to E435, which interact strongly with both RCC1 and RCC1 1-20, are aa 411 to 420 (EADYFEYHQE) and referred to below as the core region. This region contains 4 negatively-charged residues but is surrounded by residues of negative and positive charge.
To determine the key residues in this binding site, a new array was generated spanning the These data show that residues 413 to 420 (DYFEYHQE) of EBNA1 represent a tight binding region of the first 20 residues of RCC1, that the negatively charged residues in this region are essential for the interaction, and that F 415 and Y 414 are also key in the interaction. 
